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FOREWORD

The FS~3 model tests were conducted under NASA
Apollo contract NAS9-150.

This report was prepared by J.C. Snowden of the
Wind Tunnel Test Unit, Space and Information Systems
Division, North American Aviation, Inc.
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ABSTRACT

Wind tunnel tests of the 0.045-scale Apollo force
model FS-3 were conducted in tunnels B and C of the
Arnold Engineering Development Center's von Karman
Gas Dynamics facility at Mach numbers 8.0 and 10.0.
Models and tunnel installations are described, and

tunnel operating conditions are discussed. Force and o
moment data are presented in both tabular and plotted
form,

Basic wind tunnel test data only are presented to
make the test results available at the earliest possible
date. Analyses and summary of results will be reported
in a separate document,.
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i. INTRODUCTION

Apollo force model FS-3 was tested in the AEDC von Karman Gas
Dynamics Facility tunnels B and C during the period 30 July to 9 September
1962 to investigate the basic aerodynamic characteristics of the command
module aét Mach numbers 8.0 and 10.0 and Reynolds numbers 0.6 x 10 to
1.6 x 10°.

Data were initially taken using the NAA straight sting; after examination,
the data were found to be unacceptable. The data reduction seemed to be
correct, and at the time the discrepancies appeared to be due to sting inter-
ference. The test was subsequently, rerun with the AEDC-VKF bent stings
and only three command modules, but the final data had the same discrep-
ancies, The complete data reduction procedure was reviewed, and the tares
were found incorrect. After again reducing the data with new tares, the bent
sting data and the straight sting data were compared. The straight sting data
were found to be in better agreement with other test data. To prevent con-
fusion, only the straight sting data have been presented in this report. The
bent sting data are available on request.

Pretest information for this test is contained in SID 62-709. 1

lpretest Report for the 0.045-Scale Apollo Force Model, FS-3, Wind
Tunnel Tests in the von Karman Gas Dynamics Facility Tunnels A, B,
and C. NAA/S&ID SID 62-709 (11 June 1962).
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Il. MODEL DESCRIPTION

Ten 0,045-scale models of the Apollo command module were employed
to obtain an angle-of-attack range of -10 to +190 degrees with the NAA straight
sting. Using the VKF bent sting and three command modules, an angle-of-
attack range of -8 to +206 degrees was obtained. These command modules
are identical except for the angle between the centerline of the balance cavity
and the module axis of symmetry.

The C, test configuration is shown in Figure 1 with the location of the
reference center of gravity.

The model was designed and fabricated by North American Aviation, Inc.,
and is detailed completely on drawing NAA 7121-01063. Figure 2 shows the
model parts. The tunnel B straight sting installation is shown in Figure 3,
and the tunnel B bent sting installation is shown in Figure 4.

Shadowgraphs were made during the test but were of such poor quality
they could not be reproduced.
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[, INSTRUMENTATION

FORCE MEASUREMENT

Force and moment data were measured with the VKF water-cooled
A-11 balance for the straight sting portion of the test and with the VKF
water-cooled B-6 balance for the bent sting (Figures 3 and 4). Three balance
calibrations were used to increase the accuracy of the measurements over
the complete angle-of-attack range by using a half-rated calibration for small
loads and a full-rated calibration for larger loads. The balance calibrations
are as follows:

1. [Full-rated loads, normal orientation
2. Half-rated loads, normal orientation

3. Half-rated loads, balance rolled 90 degrees so that the side force
elements were measuring normal force

The balance orientation and calibration used for any group are indicated
on the tabulated data.

PRESSURE MEASUREMENT
The balance chamber pressure was measured and is tabulated with the
force data. The balance-force data were corrected using this cavity pressure.

The force correction, the corrected force, and the uncorrected force are
tabulated in Appendix A.
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V. OPERATING CONDITIONS

The flow conditions described in the following listing are nominal values.
Exact conditions are indicated in the data for each data point.

Reynolds Number x 10-6
(based on command
Mach Number module diameter)
8.0 0.3
8.0 0.76
8.0 1.6
10.0 0.7
10.0 1.26
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V. TEST PROGRAM
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The completed groups of the C, configuration tested at Mach number
8.0 in tunnel B are summarized in Table 1.

Table 1. Tunnel B Completed Groups (NAA Straight Sting)
Angle of Attack Group :
(Deg) RN =1.6x10% | RN=0.76 x 10° | RN = 0.5 x 107°
-20 to 10 1, 5 2 6
0 to 30 3, 17, 25 18, 26 4
20 to 50 7, 27 28 8
40 to 70 9, 29 30 10
60 to 90 11 12
80 to 110 13 14
100 to 130 19 20
120 to 150 21 22
140 to 170 23 24
160 to 190 15 16
Runs 1 and 2 no gookd, model rolled - 45 degrees.
"7 RIS
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The completed groups of the C, configuration tested at Mach 10,0 in
Tunnel C are summarized in Tables 2 and 3,

Table 2. Tunnel C Completed Groups (NAA Straight Sting)

Angle of Attack (Deg)

Group

RN = 0.6 x 10®

RN =1.26 x 10°

-20 to +10

0. to +30
20 to 50
40 to 70
60 to 90
80to 110
100 to 130
120 to 149
140 to 160

Table 3. Tunnel C Completed Groups (AEDC-VKF Bent Stings)

Group
Angle of Attack (Deg) RN = 0.6 x 106 RN = 1.26 x 10°
-8to 23 2 1
10 to 40 10%, 15 9%, 16
55 to 82 3 4
70 to 90 11 12
88 to 118 18 17
112 to 142 6 5
130 to 160 14 13
148 to 178 20 19
172 to 206 7 8
*Data no good.
o & - 10 -
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Vi, TABULAR DATA

DATA REDUCTION CONSTANTS

Data reduction involved converting the force data to coefficient form
using the following constants:

Reference center of gravity for the command module:
(aft of module apex) and

Reference area = 37.7186 square inches
Reference length = 6.93 inches

= 0.68564

Q.

zZ _
g= 0.05990.

The following nomenclature was used in the index to the tabulated data.

Ca
Cp
CF bal
CL

Cm

Cn
L/D
Po

q
R_/1
To

Xcp/d

s T

Axial force coefficient

Drag coefficient

Balance axial force correction for cavity pressure
Lift coefficient

Pitching moment coefficient
Normal force coefficient

Lift to drag ratio

Stagnation pressure, psi

Dynamic pressure, psi

Reynolds number, per inch
Stagnation temperature, degrees F

Center of pressure, measured from the apex along the axis of
symmetry

Angle of attack, degrees

Balance-model angle, degrees

| - 11 - SOMEDENIm
iy
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Subscripts

A

2

6)

Referenced to the command module apex

P Bl

Referenced to a center of gravity position with
(E/d)z = -(z/d) (for angles of attack between 180 and 300
degrees) '

Uncorrected for balance cavity pressure

- DATA ACCURACY

Three balance calibrations were used during the test for the A-11 bal-

ance and one calibration for the B-6 balance.

The accuracy of the balances

was stated by AEDC to be within #0. 2 percent of the maximum rated output

for each of the six components of the balance,

Using these accuracies, a

machining accuracy of 0.001 inch and stated accuracies on the Mach number
and the total pressure, the maximum possible error was calculated for each

coefficient and balance calibration.

total differential method and are presented in the following listing.

These errors were calculated using a

. Balance
Balance § Calibration® dCN dCA ‘dcmcg dCL dCD deA
A-11 1 +0.003 +0,003 +0.0008 | £0.004 | £0.004 | +0.0008
2 +0.001 +0. 002 +0.0004 | £0.003 | +0.003 | £0. 0004
3 +0.0001 § £0.002 +£0, 0002 | £0.003 | £0.003 | £0.0002
B-6 1 +0.002 +0.0002 | £0.0001 | £0.003 | £0.001 }+0.0001

*See Force Measurement page 5.

Note:

A il

.
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Model Parts

Figure 2,

700-98<234
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Tunnel B Bent Sting Installation
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INDEX TO TABULATED DATA

The tabulated data is identified as follows:
Each page contains the following information:

The first line of each page:

Run No. - Group No. - Configuration code - Mach No.
The first line of each point:

o - Cy, - Cmcgu - Ca, - Cpy - CLy - (CL/Cp) , -4~ Po - To - Re/l
The second line of each point:

- CN - Cmcg - CA - cD - CL - CL/CD - - CmZu - CmAu - (ch/d)u
The third line of each point:

- CFpar, - Cpl- i i i - = Cmp - Cmp - *cp/d
The last lines of each group contain weight, moment transfer distance,

and balance information. The last two items of the first line of this pair-

contain the balance and configuration code and the balance-model angle.

a-2 SORNERENN
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(Cmcgs CmA:, CNs CaA, Ci,, Cp, L/D Versus a)

C2, Mo = 8.0,
C,, Mo = 8.0,
CZ’ Mo = 10. O,
CZ’ Mo = 10. 0,

SPACE and INFORMATION SYSTEMS DIVISION

PLOTTED DATA INDEX

RN = 0.76 x 106

RN=1.6
Ry = 0.7
RN=1.3

x 106
%X 106

x 106
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